ABSTRACT To clarify the pathophysiologic role of intramyocardial small artery (IMSA) diseases in hypertrophied hearts, narrowings of the IMSA were quantitatively evaluated in 39 autopsied hearts, 10 from patients with typical hypertrophic cardiomyopathy (HCM), four from patients with HCM showing features mimicking dilated cardiomyopathy (DCM-like HCM), 10 from patients with hypertension, and 15 from normal adults. The relations of narrowings of the IMSA to myocytic hypertrophy, myocardial fiber disarray, and fibrosis were also examined. The external caliber and the ratio of the luminal area to the total vascular area (percent luminal area, %lumen) were calculated by an image analyzer in 85 to 203 IMSAs from each patient. The external calibers of the IMSAs were similar among groups of hearts with HCM, hypertensive hearts, and normal hearts but were greater in those with DCM-like HCM. The mean %lumen of the IMSAs was similarly reduced in the hearts with HCM (29 + 5% in the ventricular septum and 31 5% in the left ventricular free wall) and in hypertensive hearts (30 + 8% and 31 + 7%) compared with that in normal hearts (40 5% and 38 + 5%) and was the lowest in the ventricular septum of hearts with DCM-like HCM (17 3%). The mean %lumen of the IMSA was inversely cortelated with heart weight (r = -.59), the mean size of myocytes (r = -.66 in the ventricular septum, r = -.63 in the free wall), and percent fibrotic area in the septum (r = -.68). The mean %lumen values of the IMSAs in the tissues with and without disarray in the hearts with HCM were similar. Thus IMSA disease is of pathophysiologic importance in patients with HCM, DCM-like HCM in particular, or with hypertension. Circulation 75, No. 6, 1130No. 6, -1139No. 6, , 1987 CHEST PAIN is a common symptom of patients with hypertrophic cardiomyopathy (HCM)`2 or systemic hypertension3 despite angiographically normal epicardial coronary arteries. Moreover, these patients often demonstrate abnormal findings on myocardial thallium-201 imaging6 or abnormal lactate metabolism during pacing.7 Pathologically, these hearts show a greater amount of fibrosis distributed predominantly in the subendocardium than in the subepicardium,' and myocardial infarction is sometimes evident.9 Although
such clinical and pathologic evidence suggests the presence of myocardial ischemia in these patients, the exact mechanism remains obscure.
Intramyocardial small artery (IMSA) disease has been considered as a possible mechanism for myocardial ischemia in patients with HCM and hypertensive heart disease, and several morphologic studies on this issue have been reported.3996However, in these studies, narrowings of the IMSA were analyzed only qualitatively, and the relationship of IMSA disease to other morphologic variables such as the myocytic hypertrophy, myocardial fiber disarray, and fibrosis was not examined.
The present study was undertaken to evaluate, in quantitative terms, narrowings of IMSAs in hearts with HCM compared with those in hypertensive hearts and normal adult hearts and to elucidate the relation-CIRCULATION PATHOPHYSIOLOGY AND NATURAL HISTORY-CARDIOMYOPATHY ship between IMSA disease and the morphologic variables mentioned above.
Materials and methods
Thirty-nine autopsied hearts were studied: 10 from patients with typical HCM, four from patients with HCM showing features mimicking dilated cardiomyopathy in the late stage (DCM-like HCM), 10 from hypertensive patients, and 15 from normal adults. Table 1 shows the autopsy data from the hearts. There were no significant differences in age or sex among the four groups of patients nor in heart weight among the hearts with HCM, DCM-like HCM, and hypertensive disease.
Of the 10 cases of HCM, eight were diagnosed both clinically and pathologically as HCM. In the remaining two cases, the diagnosis was based on the pathologic findings. The pathologic criteria for HCM were the presence of asymmetric septal hypertrophy with widespread myocardial fiber disarray in the absence of hypertensive, valvular, congenital, or infectious diseases that could have produced left ventricular hypertrophy. Significant stenosis of the extramural coronary arteries and acute or old myocardial infarction were absent in all cases. Cardiac-related sudden death occurred in seven patients, and the others died of extracardiac causes (malignant lymphoma, accident, and cerebral infarction). Definite congestive heart failure was not seen in any case. Episodes of chest pain were observed in two patients and chest discomfort in one. Left ventricular outflow tract obstruction was present in four patients.
Of the four cases of DCM-like HCM, the progression from HCM to DCM-like features was demonstrated by echocardiography in one.' The remaining three cases were clinically diagnosed as DCM. However, these cases showed extensive myocardial fiber disarray mainly distributed in the ventricular septum, thereby being histopathologically diagnosed as HCM. 16 The diagnosis was also confirmed by the positive family history of HCM in three cases. These patients all died of severe congestive heart failure and one of them had also complained of atypical chest pain.
Hypertensive heart disease was diagnosed on the basis of left ventricular concentric hypertrophy caused by long-term overt hypertension (> 160/95 mm Hg) in a heart weighing over 350g. Hypertensive hearts with severe stenosis (> 75% luminal narrowing) of the extramural coronary arteries were excluded from this study. Definite congestive heart failure was not evident in any case. Atypical chest pain was observed in two cases. All patients with hypertensive heart disease died of extracardiac causes (cerebrovascular attack, uremia, and cancer).
A heart was regarded as normal if there was no clinical or pathologic evidence of heart disease, if the extramural coronary arteries did not show more than 50% luminal narrowing, and if the heart weighed less than 350 g.
All cases in this study were free from diseases causing narrowings of the IMSA such as diabetes mellitus, polyarteritis, lupus, amyloidosis, etc.11
Pathologic examinations. The hearts were fixed in 10% formalin and cut transversely from the base to the apex serially at 1 cm intervals. In the hearts with HCM, the slice showing maximal septal hypertrophy was used. In the normal and hypertensive hearts, a slice from the middle third of the heart was used. Each slice was divided into six to eight blocks, which were sectioned at a thickness of 4 jim. These HHD = hypertensive heart disease; HW = heart weight; %F = percent fibrotic area; %L = mean percent luminal area; VS = ventricular septum; FW = left ventricular free wall; CHF = congestive heart failure; SD = sudden death; CVA = cerebrovascular attack; SAH = subarachnoidal hemorrhage; + & ± = typical and atypical chest pain.
APeriodic examinations before the accident revealed no abnormality in these patients. BSAH was due to arteriovenous malformation. figure 5) . Regardless of the size of the IMSA, the mean %lumen was significantly less in hearts with DCM-like HCM, HCM, and hypertensive disease than in normal hearts, but no difference was found among the three disease groups.
The mean %lumen values of IMSAs in the inner, middle, and outer thirds of the free wall were 31 ± 7%, 36 + 4%, and 34 ± 3% in hearts with DCM-like HCM, 28 ± 6%, 31 ± 5%, and 33 ± 6% in hearts with HCM 27 + 9%, 31 ± 8%, and 35 ± 7% in hypertensive hearts and 34 ± 4%, 38 + 6%, and 42 ± 5% in normal hearts (figure 6). The mean %lumen was less in the subendocardium than in the subepicardium in hearts with HCM, hypertensive hearts, and normal hearts.
In hearts with DCM-like HCM, the mean %lumen of the IMSA was significantly less in the ventricular septum than in the free wall (figures 4 without disarray were 30 ± 4% and 29 ± 7% in the ventricular septum and 30 ± 5% and 30 ± 4% in the free wall, there being no significant difference between the tissues with and without disarray in either the ventricular septum or the free wall ( figure 9 ).
Discussion
The reduction in coronary flow reserve in hypertensive hearts or hearts with HCM and normal epicardial coronary arteries has been reported by many investiga- IMSAs did not increase in external caliber and the luminal area was narrowed despite the marked hypertrophy of myocytes. Coronary reserve has been reported to decrease more in the subendocardium than in the subepicardium.6" Our data revealed that this was also the case for the mean %lumen of IMSAs, indicating that IMSA disease is a possible pathogenetic mechanism for the reduced coronary reserve in both hearts with HCM and hypertensive hearts. particularly in the ventricular septum.9 10 15, 16 Previously, we reported that the extent of fibrosis is greater in hearts with HCM (10.5 + 4.3%) and hypertensive hearts (2.6 + 1.5%) than in normal hearts (1. 1 + 0.5%); the extent of fibrosis increases from the epicardial to the endocardial layer of the left ventricular free wall.t The present study revealed that the mean %lu-men of IMSAs was lowest in the ventricular septum of hearts with DCM-like HCM, less in hearts with HCM and hypertensive hearts than in normal hearts, decreased from the epicardial to the endocardial layer of the free wall, and inversely correlated with the percent area of fibrosis. These observations indicate that narrowings of IMSAs are associated with an increased level of fibrosis in hearts with HCM and hypertensive hearts, particularly in the ventricular septum of hearts with DCM-like HCM. However, the increase of fibrosis in hearts with HCM compared with hypertensive hearts cannot be explained by narrowings of the IMSAs, since the mean %lumen values were similar in these groups. Other factors such as myocardial fiber disarray are also important in the pathogenesis of extensive fibrosis in hearts with HCM.9 Our study showed that there was no difference in the mean %lumen of the IMSAs between the tissues with and without disarray. This indicates that myocardial fiber disarray is not important in the pathogenesis of IMSA disease. The mean %lumen was inversely correlated with heart weight and the mean size of myocytes. The myocardial fiber diameter has been reported to increase from the epicardial to the endocardial layer of the left ventricular free wall. 30 Our study revealed that the mean %lumen of the IMSA decreases from the epicardial to the endocardial layer. Cardiac hypertrophy is probably one of the pathogenetic factors of narrowings of the IMSA in these hearts. However, the figure 10, a) , the quantitative method using the ratio of luminal to total vascular caliber may often overlook such lesions. Therefore we assessed IMSA narrowing by the ratio of the luminal to total vascular area. However, the problem of postmortem contraction of the IMSA should be taken into account. The internal elastic membrane is usually wavy in the postmortem state because of vascular contraction. Yamaki et al.3 quantified narrowing of the pulmonary arteries by transforming it to a hypothetical state in which the internal elastic membrane was stretched to make an exact circle. However, this method could not be used in our study because the internal elastic membrane of the hypertrophied heart, especially that associated with HCM, was often discontinuous because of the pathologic involvement of the intima and/or media ( figure 10, b) , and it was impossible to trace it exactly. Although the %lumen defined in this study may, to some extent, overestimate the degree of narrowings in the physiologic state, clear differences in narrowings of the IMSAs were found among the groups.
In conclusion, the high prevalence of abnormally narrowed IMSAs in patients with HCM, DCM-like
